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(54) PRODUCTION OF MONOLAYER CARBON NANOTUBE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To economically and efficiently obtain homogeneous single-layer 
carbon nanotubes through a simple method by irradiating the carbon target containing a small amount 
of metal with a high-power carbon dioxide gas laser to effect the carbon gas laser evaporation in an 
inert gas atmosphere. 

SOLUTION: In this production, the carbon target substance and the atmospheric inert gas do not need 
to be heated. As an inert gas, are cited Ar, He or a variety of other gases, The carbon target substance 
may contain a small amount of metal as a catalyst, for example, graphite containing Fe, Co, Ni, Pt, Pd, 
Rh or the like, and is placed in a vessel. The gas pressure in the vessel caused by introduction of the 
inert gas is preferably set to, for example, 104-105 Pa. The high-pressure C02 gas laser beam is 
desirably a continuous wave laser with an output power of 800-1,500 Watts. The laser beam can be 
irradiated almost at the rectangle to the target surface or at an angle less than 90 degree. 
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1. This document has been translated by computer.So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is high power CO 2 to the carbon target matter which mixed the little metal 
into inert gas atmosphere. The manufacture method of the monolayer carbon nanotube 
characterized by irradiating gas laser light and performing carbon laser evaporation. 
[Claim 2] The manufacture method of the claim 1 which irradiates a laser beam, without 
heating the carbon target matter and atmosphere inert gas. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Invention of this application relates to the 
manufacture method of a monolayer carbon nanotube. In more detail, by the simple 
equipment means, invention of this application is efficient and relates the monolayer 
carbon nanotube structure which has the fine structure of a nano meter scale to the 
improved new manufacture method which can be manufactured as what was moreover 
excellent in quality. 
[0002] 

[Description of the Prior Art] In recent years, the carbon matter which has the fine 
structure of a nano meter scale attracts attention as a carbon nanotube, fullerene, a nano 
capsule, etc. The application to electronic material with these carbon matter new as nano 
structure graphite (graphite) matter, a catalyst, an optical material, etc. is expected. 
[0003] It is begun and provided by the artificer of this application about the carbon 
nanotube of these. The thing of the monolayer of this carbon nanotube has the unique 
structure where the monolayer graphite film which has the thickness of a carbon atom 
constitutes a pipe (tube)-like form. Conventionally, as a manufacturing method of this 
monolayer carbon nanotube, the arc discharge method and the elevated-temperature laser 
evaporating method are learned. However, there were the following troubles which should 
be improved in these conventional methods. 

[0004] In the case of the arc discharge style, the structure of the monolayer carbon 
nanotube which carbon matter other than a monolayer carbon nanotube, for example, an 
amorphous carbon etc., is generated simultaneously, and is obtained had first the fault of 
becoming heterogeneous. On the other hand, the elevated-temperature laser evaporating 
method is excellent the selectivity of a product, and in respect of [ method / arc discharge ] 
homogeneity. However, by this method, the carbon target matter which contains a metal a 
little is placed into the quartz tube installed in the electric furnace heated to about 1200- 
degree C high temperature, in inert gas atmosphere, several nanoseconds pulse width and 
the Nd:YAG pulse laser light of about 10 Hertz of pulse frequencies are irradiated, and 
monolayer carbon nanotubes are collected as some soot-like matter generated in gas. Thus, 
by the conventional method, about 1200 degrees C since heating of high temperature was 
extremely indispensable, the manufacturing installation became what consists of 
complicated and special structure and a material, and since the monolayer carbon 
nanotube generated was **(ed) by the elevated temperature, there was a problem that heat 
conversion was not avoided. And since irradiation of a laser beam was pulse irradiation, 
there was a problem that there were restrictions in improvement in the generation 
efficiency of a monolayer carbon nanotube again. 

[0005] Then, employing the feature of the conventional laser evaporating method as above 
efficiently, it cancels the fault, and is excellent in economical efficiency, and invention of 
this application makes it the technical problem to offer the new manufacture method which 
can generate a homogeneous monolayer carbon nanotube efficiently by the simple means. 
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[0006] 

[Means for Solving the Problem] It is high power CO 2 to the carbon target matter which 
mixed the little metal into inert gas atmosphere as that to which invention of this 
application solves the technical problem as above. The manufacture method of the 
monolayer carbon nanotube characterized by irradiating gas laser light and performing 
carbonaceous laser evaporation is offered. 

[0007] Moreover, invention of this application also offers the method of irradiating a laser 
beam, without heating the carbon target matter and atmosphere inert gas in the above- 
mentioned method. 
[0008] 

[Embodiments of the Invention] Although invention of this application has the feature as 
above-mentioned, it explains the gestalt of the operation below, as the carbon target matter 
which irradiates a laser beam in this invention first — a conventional method — the same - 

the little metal as a catalyst, for example, Fe, Co, nickel, Pt, Pd, and Rh, and etc. - 

matter, such as mixed graphite (graphite), is used This carbon target matter will be placed 
into a container. In this case, adoption of the special means for heating to the high 
temperature of 1200 degrees C like before does not have the need. It is because heating the 
carbon target matter and a controlled atmosphere does not have the need in the method of 
this invention. 

[0009] Although inert gas is introduced and atmosphere is made inactive into a container, 
the inert gas in this case may be various kinds of things including rare gas, such as Ar 
(argon) and helium (helium). Inert gas is good also as a synizesis atmosphere which you 
may make it collect the monolayer carbon nanotubes which circulate and generate the 
inside of a container by the flow of this gas, or introduced inert gas. 

[0010] As for the gas pressure in the container by introduction of inert gas, it is desirable to 
be referred to as 104 - 105 Pa. The laser beam which irradiates the carbon target matter is 
set to the manufacture method of this invention, and it is high power CO 2. It is considering 
as gas laser light. This C02 As for gas laser, as the output, it is desirable 200-2000W, and 
to be 800-1500 W more preferably and to consider as the thing of continuous oscillation. 
[0011] C02 Although it is different with conditions, such as an output of gas laser, and 
ambient gas pressure, a laser beam can be irradiated to the front face of the carbon target 
matter from the direction which inclined to less than 90 degrees as an angle from the 
position which intersects perpendicularly mostly, or an orthotomic. Since it is necessary to 
heat neither a target nor a controlled atmosphere, a manufacturing installation can be 
simplified and it excels in the above manufacture methods of the monolayer carbon 
nanotube by this invention economically. Moreover, since the monolayer carbon nanotube 
formed is not **(ed) by the elevated temperature, heat conversion can be prevented. 
Therefore, a homogeneous monolayer carbon nanotube is obtained. Furthermore, it is 
C02. Since continuous oscillation of the laser can be carried out by high power, it can 
improve monolayer carbon nanotube yield sharply compared with the conventional pulse 
method. 

[0012] Hereafter, an example is shown and the method of this invention is explained in 
more detail. Of course, this invention is not limited to the following examples. 
[0013] 

[Example] the inside of a container - as a catalyst metal nickel 1.2at(s)% - the mixed 
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carbon target matter was placed, and as inert gas, Ar (argon) was circulated so that an 
ambient pressure might serve as 6x104 Pa The temperature was made into the room 
temperature, without the carbon target matter and a controlled atmosphere heating. 
[0014] It is C02 to this carbon target matter from the direction which intersects 
perpendicularly to the front face. Gas laser light was irradiated. Irradiation time could be 2 
seconds. C02 As a gas laser light, it shall have the following property, 
appearance force: — diameter of 1000W laser light beam: — carbon laser evaporation arose 
by irradiation of this laser beam 2mm, and the monolayer carbon nanotube was obtained 
as soot-like matter 

[0015] What has the following structure as a monolayer carbon nanotube was mainly 
generated. 

Merit The diameter of a **:1-10 micrometer tube: The edge of l-2nm tube is closed. 
[0016] A thing homogeneous as the monolayer carbon nanotube obtained at the 
temperature of 1200 degrees C by the conventional elevated-temperature pulse laser 
evaporation is C02. It was generated at the room temperature by using laser. 
[0017] 

[Effect of the Invention] Since it is necessary in the method of invention this application to 
heat neither a target nor a controlled atmosphere, a manufacturing installation can be 
simplified and it excels economically, as explained in detail above. Moreover, since the 
monolayer carbon nanotube formed is not **(ed) by the elevated temperature, heat 
conversion can be prevented. Therefore, a homogeneous monolayer carbon nanotube is 
obtained. Furthermore^ it is C02. Since continuous oscillation of the laser can be carried 
out by high power, it can improve monolayer carbon nanotube yield sharply compared 
with the conventional pulse method. 
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Abstract 



PROBLEM TO BE SOLVED: To economically and efficiently obtain homogeneous single-layer carbon 
nanotubes through a simple method by irradiating the carbon target containing a small amount of metal 
with a high-power carbon dioxide gas laser to effect the carbon gas laser evaporation in an inert gas 
atmosphere. 

SOLUTION: In this production, the carbon target substance and the atmospheric inert gas do not need 
to be heated. As an inert gas, are cited Ar, He or a variety of other gases, The carbon target substance 
may contain a small amount of metal as a catalyst, for example, graphite containing Fe, Co, Ni, Pt, Pd, 
Rh or the like, and is placed in a vessel. The gas pressure in the vessel caused by introduction of the 
inert gas is preferably set to, for example, 104-105 Pa. The high-pressure C02 gas laser beam is 
desirably a continuous wave laser with an output power of 800-1 ,500 Watts. The laser beam can be 
irradiated almost at the rectangle to the target surface or at an angle less than 90 degree. 
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